for the maxillary and mandibular central incisors using the transparency of periodontal probe method. Maxillary and mandibular incisors' inclination and position were measured using cephalometric analysis.
T he inclination and position of incisor teeth is an important factor when planning orthodontic tooth movement. In recent years, there have been several investigations regarding the limits to the degree of incisor proclination in the dental arch. [1] [2] [3] [4] The effect of proclination may consequently lead to gingival recession. Gingival recession can be generalized or localized, affecting one tooth surface or more, and might lead to an esthetic impairment. 5, 6 Several factors were suggested to play a role in the development of gingival recession. The main known etiologic factors, among others, are periodontal diseases, and mechanical trauma. 7 Periodontal health is a prerequisite prior to starting any orthodontic tooth movement. The role of orthodontic tooth movement in the development of gingival recession is still a debatable subject. [8] [9] [10] Even though some found an increase in gingival recession in adolescents and adults, 3, 4, 9 others did not find that gingival recession was induced by orthodontic fixed appliance therapy. 1, 11 The inconsistencies between these studies could be attributed to the fact that the etiology of gingival recession is complex. Several factors were suggested to modulate the incidence of gingival recessions following orthodontic therapy, for example: the total orthodontic tooth movement, the quality of oral hygiene, and the gingival biotype. [1] [2] [3] 12 The evaluation of the gingival biotype is essential, especially prior to orthodontic tooth movement because it defines the soft and hard tissues surrounding teeth. Gingival biotype can be classified as thin or thick. 13 The thin gingival biotype is characterized by delicate soft tissue with a minimal amount of attachment that is susceptible to trauma and inflammation while the thick gingival biotype is characterized by dense, fibrotic soft tissue with a large amount of attachment. Thick gingivae are generally suggested as the model of periodontal health.
14 Reduction in gingival thickness is considered a predisposing factor to marginal tissue recession during orthodontic treatment, and proper clinical assessment of gingival biotype will insure accurate decision-making during planned incisor inclination. This is supported by one study where they observed an increase in the risk of gingival recession after orthodontic treatment when the thickness of free gingival margin is less than 0.5mm especially when it comes to incisor proclination. 3 The prevalence of different gingival biotypes varies depending on the studied population. In a Saudi sample, the prevalence of thin gingival biotype was 25% among males and 64% in females. 15 The association between dental malocclusion and the prevalence of gingival biotype has been previously studied and no significant association was demonstrated. 15 However, the relationship between the maxillary or mandibular incisors inclination and position and gingival biotypes has not been previously studied. This study therefore aimed to evaluate the association between gingival biotypes and the inclination and position of the maxillary and mandibular incisors. A secondary aim was to study the relationship between gingival biotypes and space analysis in the anterior segment of both arches. patients who required antibiotic pre-medication prior to dental examination, 6) smoking, and 7) history of previous periodontal surgery or orthodontic treatment. The evaluation of gingival biotype was assessed for every patient by one calibrated investigator. Prior to evaluation of study subjects, intra-examiner repeatability was evaluated by assessing the gingival biotypes (thin or thick) of 10 subjects not involved in the study at 2 different occasions, 2 weeks apart. The investigator was able to achieve the same finding 90% of the time. Gingival biotype was assessed using the method described previously. 16 This evaluation method was based on whether the periodontal probe (Michigan-O probe with William's color-coded markings, Hu-Friedy, Chicago, IL, USA) was visible through the gingival margin while probing the sulcus at the mid facial aspect of both maxillary and mandibular central incisors. 17, 18 When the underlying periodontal probe could be seen through the gingiva, it was classified as thin, otherwise it was considered thick. Inclination (proclination/retroclination) and position (protrusion/retrosion) of the maxillary and mandibular incisors were assessed on lateral cephalometric radiographs using the Kodak 8000C digital panoramic and cephalometric System (KodakTrophy, Croissy-Beaubourg, Marne-la-Vallée, France). Each subject's head was stabilized by positioning the ear-rods of the cephalostat machine in the external auditory meatus with the Frankfort plane parallel to the horizon and sagittal plane at right angle to the path of the x-ray and the teeth in centric occlusion with the lips in a closed and relaxed position. The cephalogram images were then imported into VistadentOC® software (Vistadent®OC, Dentsply, Birmingham, AL, USA) and digitally traced by one investigator, and the landmarks used are shown in Figure 1 . The measurements that are illustrated in Figure 1 were used to calculate the maxillary and mandibular incisor inclination and position.
Methods
Maxillary incisor inclination. The angle formed by the intersection of a line from nasion to A point (NA) with a line drawn along the maxillary central incisor long axis (U1).
Maxillary incisor position. The distance formed from the most labial point on the upper central incisor (U1) to the NA line.
Mandibular incisor inclination.
The angle formed by the intersection of a line drawn along the mandibular plane (Gonion-Menton) with a line drawn along the mandibular central incisor long axis (L1).
Mandibular incisor position. The distance formed from the most labial point on the mandibular incisor (L1) to the NB line.
Space analysis to measure the amount of spacing or crowding present in the anterior segment of each arch was performed by measuring the space available and space required in the maxillary and mandibular arches mesial to the canines. of the maxillary and mandibular gingival biotype is presented in Table 1 . Frequency of thin gingival biotype was significantly greater in females than males in both maxillary and mandibular incisors, p=0.001. Table 2 shows the bivariate comparisons between thin and thick gingival biotypes with regards to incisor inclination and position and anterior spacing/crowding for the maxillary and mandibular teeth. For the maxillary incisors, there were no significant differences in the means of maxillary inclination, position, and space analysis between thin and thick gingival biotypes. For the mandible, the incisor inclination and position were significantly greater in the thin gingival biotype when compared to the thick gingival biotype. No significant difference in the space analysis was found between thin and thick gingival biotypes in the mandibular arch.
Regression analysis for the maxillary anterior incisors (Table 3) showed that females were 4.2 times more likely to have thin gingiva than males (p=0.001) controlling for age, maxillary incisor inclination, and position, and anterior space analysis. Other variables were not significantly associated with gingival biotypes. In the mandibular arch, the regression analysis (Table 4) showed that females were almost 5 times more likely than males to have thin gingival biotype. Furthermore, there was a significant association between thin gingival biotype and an increased mandibular incisor inclination (p=0.005) and position (p=0.048).
Discussion.
The results of this study demonstrated that mandibular incisor proclination and protrusion were significantly associated with thin gingival biotype while no association was observed between the gingival biotypes and inclination and position of the maxillary incisors. Reduction in gingival thickness is one factor that might contribute to periodontal tissue breakdown. 5 Hence, the direction and magnitude of orthodontic forces should be carefully controlled especially in subjects with thin gingival biotype. During orthodontic tooth movement, including proclination, several biologic events occur leading to bone remodeling of the alveolar process, which supports the teeth and their roots. 19 Bone resorption takes place in the direction of tooth movement leading to reduction in the alveolar bone volume; however, if the alveolar bone is thin, it could be a complicating factor during orthodontic treatment. Therefore, the hard and soft tissue boundaries that outline the teeth, as suggested by Proffit et al 20 should be carefully analyzed. Cook et al, 17 demonstrated that thin gingival biotype is associated with a thin underlying In one study, it was shown that when the roots are displaced away from the center of the alveolar bone, there would be an increased probability of alveolar dehiscence and gingival recession. 3 Also, when teeth are moved more labial, thickness of the bone, and gingivae overlying the root could be affected. 4, 10, 12 Accordingly, careful consideration should be taken when attempting labial movement since thin gingivae may be more prone to recession. 22 Previous studies demonstrated that in 85% of the studied sample, the periodontium was not affected under controlled incisor proclination and proper oral hygiene. However, they emphasized that contributing risk factors such as gingival thickness should be identified. 1, 2 Nonetheless, in these studies cephalometric analysis to measure the actual inclination and position of the incisors was not performed. Earlier studies made no distinction between maxillary and mandibular gingival biotypes. However, a recent study, questioned the uniqueness of gingival biotype as it might differ between maxillary and mandibular arches. 23 In the present study, the prevalence of thin gingival biotype was independently assessed for the maxillary and mandibular incisors and the results showed a prevalence of 43% in the maxillary and 52.1% in the mandibular incisors. The prevalence of thin gingival biotype was significantly more in females than males which is similar to previous reports. 15, 18 In the present study, females were 4 times more likely to have thin gingival biotype in the maxillary incisors than males, and 5 times more in the mandibular incisors than males.
To date, no previous study has assessed the association between gingival biotypes, and inclination and position of the maxillary and mandibular incisors prior to orthodontic treatment, which was addressed in this study. Proclination and protrusion of mandibular incisors were associated with thin gingival biotype, and labial movement of these teeth might increase the risk for the development of bone dehiscence and gingival recession in patients with thin gingival biotype. Knowledge concerning the prevalence of thin or thick gingival biotypes can be potentially useful during patient evaluation and risk appraisal for orthodontic patients. For example, certain patients with thin gingival biotype may benefit from gingival augmentation prior to orthodontic treatment. Therefore, further studies to evaluate this concept are merited.
The limitation of this study is that it was crosssectional and hence, gives no indication of the sequence of events. Another limitation is that the sample was drawn from a pool of patients from one center and that may prejudice the findings.
In conclusion, mandibular incisor proclination and protrusion are associated with thin gingival biotype while no association is found in the maxilla. The evaluation of the gingival biotype is essential during diagnosis and treatment planning for potential orthodontic patients. The orthodontist should balance the pros and cons when deciding to procline or protrude incisors, particularly in the mandible. Future longitudinal studies are recommended to examine the relationship between gingival biotypes, symphysis width, facial index, and different orthodontic treatment modalities.
